Abstract: This paper attempts to explain the portfolio behaviour of Pakistani banks. Several expected utility models are developed and applied to semiannual data for the period from 1997 to 2012. The expected utility model commonly reduced to the mean-variance model, of bank portfolio behaviour under risk stems from the works of Hicks, Tobin and Markowitz. According to this approach, the determinants of alternative portfolios can be assessed by the trade-off between their expected return and valuation risks, where the former is the mean of the probability distribution of return and the latter is usually approximated by the variance of that distribution. Different theoretical restrictions have been tested to explain the Pakistani banking portfolio including symmetry and homogeneity of the interest rate matrix. Empirical evidence suggests that, in general, changes in interest rates do explain the changes in the portfolio of these units, but the availability of funds and other policy variables were found to be more important.
Introduction
Following the development in the theory of choice under conditions of uncertainty, several approaches have been advanced over the years to address the question of portfolio behaviour of financial institutions. These approaches can perhaps be roughly categorised into 'banking firm models', 'transactions and precautionary balance models' and 'complete portfolio models'. In the latter category, the predominant models have dwelt upon the maximisation of the expected utility of portfolio profit or, more simply, on the trade-off between the mean and variance, certainty-equivalent, of profit. The expected utility model commonly reduced to the mean-variance model, of bank portfolio behaviour under risk stems from the works of Hicks (1935) , Tobin (1958) and Markowitz (1952 Markowitz ( , 1959 . According to this approach, the determinants of alternative portfolios can be assessed by the trade-off between their expected return and valuation risks, where the former is the mean of the probability distribution of return and the latter is usually approximated by the variance of that distribution. Prominent empirical work on commercial bank portfolio behaviour can be seen in Kane and Malkiel (1965) , Parkin (1970) , Parkin et al. (1970) , Courakis (1974 Courakis ( , 1989 , Klein (1971) , Pyle and Turnovsky (1970) , Sharp (1974) , White (1975) , Bewley (1981) , Hart and Jaffee (1974) , Sealey (1980) , Fan (1991) , Subeniotis (1991) , Arjoon (1994) , Kagigi et al. (1994 Kagigi et al. ( , 2001 and Wibowo (2005) .
In this paper, a number of static models are tested for the investigation of portfolio behaviour of Pakistani banks over the period 1997S1-2012S2. The underlying static relationship is derived using the mean-variance expected utility. The rest of the paper proceeds as follows. Following this introduction, Section 2 presents an overview of the Pakistan banking sector's portfolio and defines the set of choice and non-choice items. Section 3 explains the portfolio demand equations in the expected utility approach. Section 4 deals with methodological issues detailing the estimation procedures employed, while in Section 5, the empirical evidence is presented. Finally, Section 6 summarises the concluding observations.
Overview of the Pakistan banking sector's portfolio
The balance sheets of the constituent banks in the banking sector, whether under domestic or foreign ownership, are similar to, and their financial items in their portfolios embrace, the same broad categories (apart from the absence of derivatives) of the western banking sectors. The typical balance sheet is given in Table 1 .
In the econometric work reported on in Section 5, we shall see that the desired levels of the endogenous portfolio variables are replaced by their ratios to a sum of exogenous scalar variables. Due to the existence of non-stationarity among endogenous/exogenous variables, one alternative is to estimate the system (static or dynamic) in ratio forms. This approach is adopted and the assets and liabilities of the balance sheet will be divided by the total liabilities (total deposits and liabilities, borrowings, capital and reserve). Hence, the basic variables listed in Table 1 will not be considered and their transformed values will be presented in Section 4, where their order of integration will be tested. One of the important assumptions made in the mean-variance model is that the portfolio return (basic interest rates) is normally distributed. Jarque-Bera statistic shows that all interest rates are normally distributed. Hence, for given assets and liabilities at any one time; profit is 'more or less' normally distributed.
In respect of loans, these have all had to be taken at weighted averages of the various types of loans within a given sector. The discount rate is used for the cost of banking sector borrowing from the central bank. The inflation rate is taken to be the return on cash.
3 The portfolio demand equations in the expected utility approach A model of asset/liability choice has been developed, which is based on the stochastic nature of asset return and borrowing cost, along the lines of those in the literature which are derivatives of the Parkin-Gray-Barrett model .
Assume that the bank (banks) possesses the following static utility function over profits (), which are stochastic and normally distributed:
where U = utility per decision period,  = real profit per decision period and a, b and c are positive parameters. Thus, let
where E is the expectation operator. Hence, to maximise the expected utility of profit, the bank (banks) effectively maximises:
That is the certainty equivalent of the profit that is to be chosen. Here,  and  2 are, respectively, the mean and the variance of profit. The parameter b, of course, is the degree of risk aversion [of constant absolute risk aversion in the sense of Pratt (1964) and Arrow (1971) ]. The balance sheet is viewed as a portfolio of assets (liabilities are treated as negative assets, hence the plus sign in the following equation), and this must balance so that
where, for an n-dimensional choice set and an m-dimensional set of non-choice (exogenous) variables, A 1t is a n-column vector of choice assets at time t and A 2t is an mcolumn vector of exogenous variables, and the transpose of i j are unit row vectors. When equation (3), taken for the banking system as such, is maximised subject to equation (4), it is a straightforward matter to deduce that the demand equation system in the static version of the model can be written as variants of those in Parkin et al. (1970) , namely as
where R is an n-component vector of expected decision period returns on choice set items,  and B are, respectively, n × n and n × m matrices of parameters on rates of return and exogenous variables,  t is an n component vector of disturbance terms assumed to possess a normal distribution with mean of zero and an unknown variance covariance matrix, , that is  ~ N(0, ) and  =  () =   I, where  is the covariance matrix of the errors across the n equations for any given point in time, t.
The conditions and restrictions on the elements (coefficients) of  and B are
The condition that the row sums of  are zero, that is the system of demand equations is homogeneous of the zero degree in the vector of asset returns (prices), is
It is noted, for the sake of formal completeness, that a necessary (but not sufficient) condition for bank profit maximising behaviour to exist is that liabilities' supply (which we do not model) yield elasticities be non-positive and that assets' demands have yield elasticities that are non-negative, that is
4 Estimation: methodology and data
Methodology
It is well known, due to the pioneering paper by Barten (1969) , that linear expenditure systems should, if possible, be estimated by FIML, because the equations are linearly dependent on the balance sheet or budget constraint, and so one equation must be omitted when the equations are being estimated. Unless FIML is employed, the parameter estimates will depend upon which equation is omitted. Of course, it can happen that the system of equations to be estimated is too large or contains sufficient multi-collinearity of the variables or covariance of the residuals to render it impossible to obtain unique estimates of the variances of the coefficients under FIML; and in that eventuality, the literature has suggested the use of the estimator SUR. 2 Naturally, the need to use SUR rather than FIML can increase in systems such as the one here, given that it is nonlinear, so that further problem might be the singularity of the derivates in the optimising algorithm.
However, having noted these considerations, as it happened, for a given number of iterations and optimising algorithm, our systems could be estimated by FIML and SUR, producing the same estimates of the coefficients. In order to estimate the parameters of equation (5), we have employed FIML.
Descriptive statistics of the variables
The descriptive statistics of endogenous and exogenous variables are provided in Tables 2 and 3. Table 2 shows that the most 'active' endogenous variable is the treasury bills, which has relative measure of dispersion of 0.98. Table 3 shows that the highest relative measure of dispersion is 0.56 for inflation. 
Data and their properties: asset ratios, net interest rates and costs and liability ratios
The tests of unit roots for the endogenous ratios are given in Table 5 . They indicate that these variables are I(0). The results of unit root tests for the returns and costs are recorded in Table 6 . They indicate that these variables are I(0). The results of unit root tests for the exogenous ratios are given in Table 7 . It shows that all the exogenous ratios are I(0). 
Estimates

A summary comparison of the estimates for the static and dynamic models
In order to explain the portfolio behaviour of banks in Pakistan, various static models are estimated. The analysis of the models is given in Table 8 . 
The overall statistics of the static model alongside those for the comprehensive set of ten models can be seen in Table 8 . The superior specification is equation (5) with homogeneity. The overall statistics are given in Table 9 . The Durbin-Watson statistics, reported in Table 9 , which are the information on the residuals obtainable from the estimation procedures per se in all available software, indicate that there is no autocorrelation in six estimated equations in the model. But system residual portmanteau tests for autocorrelations show that there is no autocorrelation problem in this system of equations at lag 6. 
Discussion of empirical results
Return on the interest rate matrix
The estimated coefficients are shown in Table 11 . Given the aggregation condition implied from the balance sheet constraint, we have dropped the cash equation from the system of demand equations. To obtain the interest rate responses of cash, we have used the Cournot aggregation condition.
The elasticities for the rate of returns are given in Table 12 .
Results on the own-rate effects
Five out of ten own rates bear the correct sign; these are for banks' barrowing, lending to the government, private, non-profit and personal sectors. Among the own-rate coefficients, only those corresponding to public and personal sectors and treasury bills are significant. The best equations (in terms of the statistical reliability and signs of the coefficients) in Table 11 are that of lending to the government and public sectors. It is also noticed that most of the elasticities are very small in Table 12 . Among own-rate elasticities, ten out of ten own elasticities bear the correct sign. The most sensitive asset to the changes in the interest rate is the 'other' sector. It is also noticeable that almost all of the own interest rates (except public, personal and treasury bills) are very small, which indicates the unresponsiveness of the choice assets to the changes in their own interest rates. So we can draw a conclusion that unless the monetary authority changes the interest rate sharply, there will be no major changes in the holdings of the assets as a result of the interest rate movements. Therefore, these outcomes clearly run counter to a priori expectations about the direction of own-rate effects for some of the assets, and most coefficients are insignificant on the basis of asymptotic t ratios. As noted by Mclaren and Upcher (1986) , this is a common feature of such models. [NA]
[NA]
Notes: *Significant at 1% level. **Significant at 5% level. ***Significant at 10% level.
NA: not available because it is not estimated directly.
Table 12
Rate of return elasticities Notes: *Significant at 1% level. **Significant at 5% level. ***Significant at 10% level.
Results on the cross-rate effects
With regard to off-diagonal rate of return coefficients, the results show that only 29 out of 90 coefficients in the yields' matrix are significantly different from zero: banks in Pakistan are not generally responsive to the movements in the yields on their assets.
Results on non-choice assets
The results on the non-choice assets in Table 13 show that 18 out of 36 directly estimated coefficients are significantly different from zero. The exogenous balance sheet items appear to be the most likely candidates in explaining the portfolio behaviour of scheduled banks in Pakistan. It should be noted that none of the exogenous variables in the lending to non-profit organisation sector equation came out as significant. However, in the lending to the government sector and Tbills equations, all of the exogenous variables are significantly different from zero at 1%. It is noticed that the highest elasticities are those associated with deposits.
Impact effects of exogenous variables on the Pakistani banks' portfolios
In this section, the impact of the exogenous variables on the portfolio of the Pakistani banks is studied. We look at some of the effects caused by rates of return on the federal government securities, treasury bills, banks' borrowings, lending to the government, public, private, non-profit organisation, personal and other sectors. The impact (current) effects of the exogenous variables on the portfolio of the commercial banks in Pakistan (presented in Table 15 ) are analysed and discussed. A ceteris paribus 1% change in the interest rate on federal government securities (GBYLD) seems to cause an increase in government sector by a small fraction of 0.002, bank borrowing by 0.0026 and treasury bills and cash holdings by 0.0083 and 0.0042, respectively. Surprisingly, the same percentage of change would cause a decrease in the holding of the federal government securities by a very tiny percentage of 0.0012%. On the other hand, such an increase causes a decrease in the public sector by 0.0005%, the private sector by 0.0089%, the non-profit sector by 0.0003%, the personal sector by 0.0016% and the 'other' sector by 0.00001%. A ceteris paribus 1% increase in the rate of return on treasury bills (SIXMTB) would produce an immediate increase in the demand for bank's borrowing and lending to the public, private, non-profit, personal and other sectors. So, it can be concluded here that banks invest more in public, private, non-profit, personal and other sectors, as they are profitable opportunities. However, such an increase would lead to a decline in lending to the government sector, government bond, treasury bills and cash holding.
A ceteris paribus 1% change in cost of borrowing (DSC) leads to an immediate decrease in demand for lending to the government, public, private, non-profit organisation, personal and other sectors and bank borrowings. Further, this increase leads to an increase in demand for federal government securities and treasury bills. This is understandable on the basis that the banks found it is profitable to borrow at a specified rate and lend profitably to different sectors. This is confirmed by the fact that an increase in this rate would result in the decline in loans to the different sectors. However, such actions are capable of restraining the credit expansion by the authorities since any increase in the bank rate will generate an opposite reaction and the 'quantity' of both borrowing from the central bank and lending to the different sectors.
A ceteris paribus 1% change in the rate of return on government sectors loans (WGOV) leads to an immediate decrease in demand for federal government securities. However, such an increase leads to a decrease in demand for banks' borrowing and increase in treasury bills, cash holdings and lending to the government. Further, this increase leads to a decrease in demand for lending to the public, private, non-profit organisation, personal and other sectors.
A ceteris paribus 1% change in the rate of return on public sector loans (WPUB) leads to an increase in demand for banks' borrowing, treasury bills, cash holdings, lending to private, non-profit organisation and other sectors. It is also observed that this increase leads to a decrease in demand for federal government securities and lending to the government, public and personal sectors.
A ceteris paribus 1% increase in the interest rate of return on private sector loans (WPRIV) would produce an immediate decrease in banks' borrowing, treasury bills, cash holdings and lending to the personal sector. This increase also increases the demand for government securities and lending to the government, public, private, non-profit organisation and other sectors.
A ceteris paribus 1% increase in the rate of return on trust sector loans (WNPO) leads to an immediate increase in Tbills and federal government securities and lending to the government, public and non-profit organisation sectors. Also, this increase leads to a decrease in the demand for lending to the private, personal and other sectors. Further, such an increase leads to a decrease in the demand for banks' borrowing and cash holding.
A ceteris paribus 1% increase in the rate of return of personal sector (WPER) leads to an immediate decrease in the demand for bank borrowing, Tbills and cash holding, and a decrease in government securities. However, such an increase would lead to an increase in lending to private, non-profit organisation, personal and other sectors. On the other hand, such an increase leads to a decrease in lending to the government and public sectors.
A ceteris paribus 1% increase in the rate of return on the other sector loans (WOTHE) leads to an immediate increase in the demand of federal government securities, treasury bills, cash holding and lending to the non-profit organisation sectors. Likewise, this increase leads to a decrease in lending to the 'other' sectors. This increase also leads to a decrease in lending to the government, public, private and personal sectors, and an increase in banks' borrowings.
A ceteris paribus 1% increase in the inflation rate (INFL) leads to an immediate decrease in federal government securities, Tbills and lending to the non-profit organisation sector. The increase in inflation also leads an increase in cash holding and lending to the government, public, private, personal and other sectors. Unexpectedly, such an increase leads to an increase in banks' borrowings. Now, we turn to see the impacts arising from a change in deposits. A ceteris paribus one million/rupees change in the deposits (TD) would lead to an increase of 0.0104 million/rupees in the government securities and decrease of 0.6937 millions/rupees in Tbills holdings by the commercial banks. Similarly, such an increase in deposits would produce an increase in lending to the government, public, private, nonprofit organisation, personal and other sectors by 0.0940, 0.1099, 0.8248, 0.0045, 0.3047 and 0.0135 million, respectively. However, this increase in deposits will increase banks' borrowings by 0.0189 million. In this case, we see that this increase leads to a decrease in the demand for cash holding.
A ceteris paribus 1% increase in DD leads to an immediate decrease in government, public, personal and other sector loans. This increase also leads to a decline in banks' borrowings and cash holdings. On the other hand, this increase in DD also increases the demand for treasury bills and federal government securities, and lending to the private and non-profit organisation.
Concluding observations
To investigate the portfolio behaviour of the commercial banks of Pakistan, various disaggregated static and dynamic models have been estimated. It is observed that the static-restricted model with homogeneity is the best model among all potential static models on the basis of log-likelihood values, and it has high R 2 and good residual properties.
The empirical results provide support for the hypothesis that the structure of interest rates is an important determinant of the composition of the assets' holdings of the commercial banks in Pakistan, but it appears that the availability of funds is more important in determining the structure of these portfolios. It seems that portfolio decision does take account of liquidity and, to a lesser extent, of profitability attributes of the various assets.
Although interest rates and yields appeared relatively insignificant in the expected utility model when compared to other variables such as the availability of funds, they cannot be discounted in policies relating to the portfolio of banks in Pakistan. Therefore, according to Kagigi et al. (2001) , the role of interest rates in the determination of bank portfolio behaviour in developing countries is unsettled and demands further investigation.
